A field experiment was conducted to evaluate the effect of salicylic acid (SA) and bio-fertilizer on quality of leaves and seeds essential oils and seeds oil constituents of coriander under different irrigation treatments. The treatments were irrigation intervals (irrigation after 60, 90 and 120 mm evaporation from class A pan) and combination of fertilization (control, 100 kg ha -1 Urea, Nitrokara (as biofertilizer), and 50% Urea + Nitrokara) and salicylic acid (0 and 1 mM) that were allocated to main and sub-plots, respectively. Leaves and seeds essential oils were analyzed by gas chromatography mass spectroscopy (GC/MS). Results revealed that (E)-2-decenal was major component in essential oil of coriander leaves, while the main constituent of essential oil in seeds under all treatments was linalool. Water stress increased all major components of leaves essential oil, especially in untreated plants with SA. Application of nitrogen fertilizers, particularly 50% Urea + Nitrokara, had an additive effect on leaves essential oil constituents. Effect of salicylic acid on essential oil constituents of leaves was minimal. Increasing irrigation intervals led to a slight increment in concentration of all major components of essential oil, except -terpinene. Application of SA and nitrogen fertilizers (especially 50% Urea + Nitrokara) improved seed essential oil quality by increasing the linalool and -terpinene contents. Based on the results of the GC analysis, the major fatty acid in coriander seeds oil was petroselinic acid, followed by oleic, linoleic, palmitic, stearic, myristic and linolenic acids in all treatments. Water deficit increased percentage of petroselinic, oleic and palmitic acids, and reduced linoleic and linolenic acids. The application of nitrogen fertilizers, especially 50% Urea and Nitrokara, decreased stearic acid content, but increased other fatty acids. Exogenous application of salicylic acid led to increment in unsaturated fatty acids of seed oil, except linolenic acid. Therefore, application of bio-fertilizers and salicylic acid could be recommended for improving quality of essential oil and oil components of coriander seeds under different water availabilities.
INTRODUCTION
Coriander (Coriandrum sativum L.), an annual herb belonging to the Apiaceae family, is a Mediterranean indigenous plant (Purseglove et al., 1981) . This speciesglycemia (Emamghoreishi et al., 2005; Rakhshandeh et al., 2012) . The use of coriander seeds as a spice are widespread. Coriander seeds are also used in the preparation of baked goods and tobacco products (Purseglove et al., 1981) . Coriander leaves are also enriched with various compounds such as tartaric acid, gallic acid, diosmin, dicoumarin, 4-hydroxycoumarin apigenin, esculin luteolin and vicenin which have various health enhancing functions such as antioxidant, antidiabetic, antimutagenic and antidepressant activities (Kansal et al., 2011 (Kansal et al., , 2012 . In industry, the main product from coriander is distilled oil and solvent-extracted oleoresin for aroma and flavor productions (Islam et al., 2009 ). The quality of coriander is mainly determined by the essential oil content and its composition. Coriander herbal extract (aqueous and ethanol) and essential oil have been shown to functions as natural antioxidant and antimicrobial agents (Peter and Kitts, 2005) . This plant contains essential oil in its leaves, stem, flowers and fruits/seeds. Essential oil content in coriander seeds is very different, 0.5 to 2.5%, and it increases as the seed ripens, while its leaves contain less essential oil than the seeds (Mandal and Mandal, 2015) . Linalool is the main volatile compound in coriander seeds, typically constituting more than 50% of the total essential oil (Ramadan and Mörsel, 2003) . The high concentration of linalool in seed essential oil makes it potentially useful in the medicine and perfumery purposes, respectively. In addition to its use as a scent in domestic products such as soap, detergent, shampoo and lotion, linalool is also used as a chemical intermediate. One common downstream product of linalool is vitamin E. Linalool is also used by pest professionals as a flea, and cockroach insecticide (Lewinshon et al., 2001) . Coriander oils are familiar not only in the perfumery, food, beverage and pharmaceutical industries, but also in medicine. They are used as antioxidants, in treatment of nervous disorders, for gut modulation, blood pressure lowering, and diuretic activity, as an anti-diabetic and antimicrobial agent, and in many traditional remedies for various diseases (Azhar and Mazhar, 2003 ; Isabelle et al., 2010) . Interest in coriander seed oil has increased since the European Union authorized the use of coriander oil as a food supplement.
Petroselinic acid is an unusual fatty acid that is found primarily in seeds. This fatty acid composes nearly 85% of the total fatty acids of Apiaceae seeds (Angelini et al., 1997) . It can be oxidatively cleaved to produce a mixture of lauric acid, a compound useful in the production of detergents, and adipic acid, a C 6 dicarboxylic acid used in the synthesis of nylon polymer (Msaada et al., 2009) .
The production and composition of secondary metabolites in plants is affected by environmental conditions, physiological characteristics, genetics and evolutionary factors (Selmar and Kleinwächter, 2013) . Drought is known as a major abiotic factor that limits plant growth and production in arid and semiarid regions Yeganehpoor et al. 39 more than other environmental stresses. Drought conditions are normally associated with low precipitation, high evaporative demand, and high temperatures and irradiation, which make the water deficit a multidimensional stress (Larcher, 2000) . Water deficit can reduce the duration of the seed-filling period that will have an effect on seed oil content and can influence the composition of its oil (Flagella et al., 2002) . Applying bio-fertilizers such as nitrogen fixing bacteria and phosphate solubilizing microorganisms has led to a decrease in the application of chemical fertilizers and has provided high quality agricultural products (Sharma, 2002) . By using bio-fertilizers, quantity and quality of active substances of medicinal plants can be improved (Rashmi et al., 2008; Azzaz et al., 2009) . Azorhizobium caulinodans is a Gram-negative soil bacterium that has not only the ability to fix nitrogen but also the ability to release phyto-hormones similar to gibberellic acid and indole acetic acid, which could stimulate plant growth, absorption of nutrients, and photosynthesis (Mahfouz and Sharaf Eldin, 2007) .
Salicylic acid (SA) is an endogenous growth regulator of phenolic nature which participates in the regulation of physiological processes in plants (He et al., 2005) and has an effective role in the defensive mechanism of plants against biotic and abiotic stresses. The effect of salicylic acid on plant growth under abiotic stresses are related to its role in nutrient uptake, membrane stability, water relations, stomatal regulation, photosynthesis, growth and inhibition of ethylene biosynthesis (Khan et al., 2003) .
Despite the widespread use of coriander plant in various industries, combination effect of water stress, and application of salicylic acid and bio-fertilizer was not documented on essential oil and oil components of this medicinal plant. Therefore, main objective of the present research was to investigate the quality of oil and essential oil of coriander under different irrigation regimes, hormonal and fertilization dosages.
MATERIALS AND METHODS

Field conditions
The experiment was carried out at the Research Farm of Kermanshah, Iran (latitude 47°34′N, longitude 34°39′E, altitude 1200 m above sea level) in 2015 as split-plot factorial based on randomized complete block design with three replications. Before sowing, physical and chemical properties of the soil were determined. The soil texture was loamy with a pH = 8.09, EC = 0.4 dS m -1 , total nitrogen = 0.2%, available phosphorus = 14.1 ppm, available potassium = 232 ppm and 0.4% organic carbon.
Treatments
The irrigation treatment (irrigation after 60, 90 and 120 mm evaporation from class A pan) and combination of fertilization (control, 100 kg ha -1 Urea, Nitrokara (as bio-fertilizer), and 50% Urea + Nitrokara) and salicylic acid (0 and 1 mM) were allocated to main and sub-plots, respectively. Coriander seeds were inoculated with Nitrokara, a bio-fertilizer containing Azorhizobium caulinodans bacteria, and sown by hand in 4 × 1.2 m plots with 6 rows and the spacing of 10 cm between the plants and 20 cm between the rows (with a density of 40 seeds per m 2 ) on April 9 th 2015. Urea was applied on the basis of soil test (1/3 at sowing date, 1/3 after thinning and 1/3 at vegetative stage). All plots were irrigated immediately after sowing, but subsequent irrigations were carried out according to the treatments. The plants were sprayed twice with salicylic acid (0 and 1 mM) at stages of stem elongation and flowering, using a hand pump sprayer at the time of 07:00 to 08:00 AM, until both sides of the leaves completely became wet. Weeds were controlled by hand during plant growth and development as required.
Measurements
At the early flowering stage, 20 plants with healthy and well-grown leaves were harvested from the middle part of each plot. Then, leaves were separated from the stems and dried for about 72 h at room temperature (20 to 25°C). At the physiological maturity, plants of 1 m 2 in the middle part of each plot were harvested. Seeds were separated from other parts of plants and similar to leaves, they were dried at room temperature.
Extraction of essential oil and determining its components
Air-dried and ground samples from each treatment (100 g of seeds and 20 g of leaves) were mixed with 500 ml distilled water and the essential oil content was determined by hydro-distillation for three hours, using a modified Clevenger-type apparatus (Pino et al., 1996; Ghobadi and Ghobadi, 2012) . The extracted essential oil was dried over anhydrous sodium sulphate and stored in a dark glass and kept at a temperature of 4°C, until gas chromatography-mass spectrometry (GC/MS) analysis. The analysis was conducted using a hermoquest-Finnigan Trace GC/MS instrument equipped with a DB-5 fused silica column (60 m × 0.25 mm i.d., film thickness 0.25 μm). The oven temperature was raised from 60 to 250°C at a rate of 5°C/min and then kept at 250°C for 10 min. Transfer line temperature was 250°C. One μl of sample was injected and helium was used as the carrier gas at a flow rate of 1.1 ml/min with a split ratio equal to 1/50. The quadrupole mass spectrometer was scanned over the 40 to 500 m/z with an ionizing voltage of 70 eV and an ionization current of 150 µA.
The essential oil components were identified by comparing retention indices (RI) with authentic compounds or with those reported in the literature and by comparison of their mass spectra with the Wiley library or published mass spectra data. RI was calculated by using retention times of n-alkanes (C6-C24) that were injected after the essential oil at the same temperature and conditions (Adams, 2007) . The relative percentage of the essential oil constituents was expressed by peak area normalization.
Oil extraction and analysis of fatty acids methyl esters
In order to determine the seeds oil, 10 g of seed samples were ground and oil percentage was determined using soxhlet apparatus. Fatty acid methyl esters (FAMEs) of the seed oil were analyzed using gas chromatography (South Korea, YL-6100GC) with a flame ionization detector (FID). Analysis of FAME was achieved with the fused silica capillary column BP × 70 with length 30 m × i.d 0.25 mm and film thickness 0.2 μm. Helium was used as a carrier gas at a flow rate of 1.0 ml min -1 . The oven temperature was held initially at 80°C for 1 min, then increased to 230°C at 5°C Net J Agric Sci 40 min -1 and maintained at 230°C for 10 min. The injector and detector temperatures were 250 and 240°C, respectively. The area of each fatty acid peak was expressed as a percentage of the total area. The peaks were identified by retention times and comparing them with authentic standards analyzed under the same conditions.
Statistical analysis
The data were analyzed as split-plot factorial based on randomized complete block design with two replications by SAS and MSTAT-C softwares and the means were compared using the Duncan's multiple range test at p ≤ 0.05.
RESULTS
Thirty-three and forty-two compounds were identified in essential oil of coriander leaves and seeds under different treatments, respectively that relative percentages of major constituents are shown in Tables 1  and 2 .
Chemical composition of leaves essential oil
Leaves essential oil of coriander has a different chemical constituents from those present in the seeds. (E)-2-decenal (27.19 to 29.33%), decanal (14.09 to 16.21%), cyclodecanol (9.91 to 13.06%), linalool (11.33 to 13.24%), 2-dodecenal (9.39 to 11.47%), 2-decen-1-ol (8.31 to 9.21%) and dodecanal (4.11 to 5.79%) were major components in essential oil of coriander leaves.
According to Table 3 , linalool, decanal, cyclodecanol, (E)-2-dodecenal and dodecanal contents were significantly affected by irrigation, fertilization, salicylic acid and all of their interactions. Effects of irrigation, nitrogen fertilizers and interaction of irrigation × fertilization were also significant for (E)-2-decenal. 2-decen-1-ol was only influenced by irrigation, fertilization and interaction of irrigation × salicylic acid (Table 3) . (E)-2-decenal and 2-decen-1-ol had the lowest changes under different treatments. Water stress increased all major components of leaves essential oil, especially in untreated plants with SA. Application of nitrogen fertilizers, particularly 50% Urea + Nitrokara, had an additive effect on essential oil constituents of coriander leaves. Effect of salicylic acid on essential oil constituents of leaves was minimal. However, plants treated with SA under well watering had mostly higher components percentage in leaves compared to untreated plants in same irrigation treatment (Table 1) .
Chemical composition of seeds essential oil
According to Table 4 , effects of irrigation, fertilization, foliar application of salicylic acid and interactions of irrigation × fertilization, irrigation × salicylic acid, fertilization × salicylic acid, and irrigation × fertilization × salicylic acid were significant for linalool, -pinene and pcymene contents. -terpinene was influenced by all studied treatments, except interaction of irrigation × salicylic acid. Effects of irrigation, fertilization and foliar application of salicylic acid were also significant for -pinene (Table 4) . Linalool was main component in essential oil of coriander seeds under all treatments (68.81 to 78.04%). -terpinene, -pinene, -pinene and pcymene were other major constituents in essential oil. Decreasing water availability led to a slight increment in concentration of all major components of essential oil, except -terpinene. Under all irrigation intervals, the lowest percentage of linalool was related to untreated plants. Application of salicylic acid and nitrogen fertilizer (especially 50% Urea + Nitrokara) improved quality of seed essential oil by increasing the percentage of linalool and -terpinene. In contrast, α-pinene content was reduced in seed essential oil of plants treated with SA.
The maximum percent of linalool (78.04%) was obtained from simultaneous application of SA, 50% Urea and Nitrokara in the plants irrigated with 120 mm evaporation intervals (I 3 ), while the highest -terpinene content (6.53%) was observed in plants treated with SA, 50% Urea and Nitrokara under well watering (I 60 F 3 SA 1 ) ( Table  2) .
Oil components
Based on the results of the GC analysis, petroselinic acid (69.12 to 72.43%), oleic acid (4.09 to 6.32%), linoleic acid (13.94 to 16.48%), palmitic acid (3.34 to 4.91%), stearic acid (1.27 to 1.74%), myristic acid (0.63 to 0.75%) and linolenic acid (0.64 to 0.95%) were main components in coriander seeds oil. Petroselinic acid, oleic acid and palmitic acid were affected by all treatments. Interaction of irrigation × fertilization × salicylic acid was also significant for linoleic and stearic acids. Myristic acid was only influenced by fertilization and interaction of irrigation × fertilization. Water deficit, nitrogen fertilizers and foliar application of salicylic acid had a significant effect on linolenic acid content (Table 5 ). Major component of oil was petroselinic acid in all treatments. The fatty acids content especially 50% Urea and Nitrokara, decreased stearic acid content, but increased other fatty acids. Exogenous application of salicylic acid led to increment in unsaturated fatty acids of seed oil, except linolenic acid. So that percentage of petroselinic, oleic and linoleic acids in plants treated with SA was higher than untreated plants. In contrast, the lowest palmitic and stearic acids contents were related to the plants sprayed with SA. The concentration of myristic acid was almost stable at the different treatments (Table 6) .
Sources of variance df Mean squares Linalool (E)-2-Decenal Decanal Cyclodecanol (E)-2-Dodecenal 2-Decen-1-ol Dodecanal
DISCUSSION
Coriander leaves, flowers and seeds exhibit a wide range of pharmacological activities such as antibiotic (Silva et al., 2011) anti-oxidant, anti-diabetic, anti-cholinesterase, anti-helminthic, sedative-hypnotic, anticonvulsant, cholesterol lowering (Wangensteen et al., 2004) , anticancer, and hepatoprotective (Samojlik et al., 2010) . In qualitative and quantitative aspects, the essential oils are chemically unstable and may undergo changes depending on the severity of stress (Sangwan et al., 2001) .
Secondary metabolites play a major role in the adaptation of plants to the environment changes (Edreva et al., 2008) . (E)-2-decenal and linalool were major components in essential oil of coriander leaves and seeds, respectively (Tables 1 and 2 ). Linalool, a terpene tertiary alcohol, has antioxidant potency at high concentrations (Krishnakantha and Lokesh, 1993) . The presence of bioactive compounds as flavonoids and triterpene in different parts of the plants can be the reason of antimicrobial and antioxidant activities in these plants (Rashed and Butnariu, 2014) . Increased essential oil content under water stress (Tables 1 and 2 ) has been attributed to the production of high concentrations of terpenes, isoprenoids and phenylpropanoids by plants (Delfine et al., 2005) . Application of nitrogen fertilizer had a positive effect on essential oil components and increased (E)-2-decenal and decanal contents in leaves (Table 1) , and linalool and -terpinene percentages in seeds ( Table 2 ). The improvement of quantity and quality of essential oil through application of nitrogen fixing bacteria has been also reported in other medicinal plants such as lemon balm (Harshavardhan et al., 2007) , hyssop (Koocheki et al., 2009) fennel (Mahfouz and Sharaf Eldin, 2007; Azzaz et al., 2009; Moradi et al., 2011) and dill (Darzi et al., 2012) . Leaves and seeds essential oils of plants treated with salicylic acid had higher quality compared with untreated plants. However, effect of salicylic acid on essential oil constituents of leaves was lower than seeds (Tables 1 and 2 ). The reports indicate that the salicylic acid similar to the stress manipulated quality and quantity of essential oil in some medicinal plants (Rowshan et al., 2010 ) through its effect on plastid, chlorophyll level and also simulating stress conditions (Nourafcan et al., 2014) . Similar results reported by Shahwar et al. (2012) showed that the major volatile components in coriander seed essential oil were linalool, γ -terpinene, α-pinene, camphor, decanal geranyl acetate, limonene, geraniol, camphene and D-limonene, while the main constituents identified in leaves essential oil were (E)-2-decenal, linalool, (E)-2-dodecenal, (E)-2-tetradecenal, 2-decen-1-ol, (E)-2-undecenal, dodecanal, (E)-2-tridecenal, (E)-2-hexadecenal, pentadecenal, and α-pinene. The linalool content depends on the plant growth stage, environmental condition and location. Overall, the results reported on the chemical composition of the coriander plants during different stages of maturity revealed great differences, occurring during maturation process. It may be suggested that these differences were concomitant with modification in secondary metabolism (Gil et al., 2002; Msaada et al., 2007) . So that mature seeds of coriander have the highest amount of this component and have been reported 40% (Machado et al., 1993) , 55.6% (Shahwar et al., 2012) , 65.8% (Smallfield et al., 2001 ), 72.3 to 77.7% (Gil et al., 2002 and 72 to 83% (Arak et al., 2007) in different researches. Increment of main components in essential oil of coriander seeds (such as linalool, -terpinne and -pinene) has been reported by Darzi and Hadi (2014) in the presence of bio-fertilizers.
The results of present research showed that the coriander seed oil contains saturated fatty acids (5.24 to 7.40%) such as palmitic, stearic and myristic acids, monounsaturated fatty acids (MUFAs) (73.21 to 78.75%) such as petroselinic and oleic acids, and polyunsaturated fatty acids (PUFAs) (14.58 to 17.43%) such as linoleic and linolenic acids (Table 6 ). Jaworski and Cahoon (2003) reported that coriander is a good dietary source of polyunsaturated fatty acids (PUFAs). PUFAs cannot be synthesized naturally in mammals; so they are obtained from dietary supplementation. Most PUFAs, especially n-3 fatty acids (Omega 3), are known for reducing the risk of cardiovascular diseases (Walter, 2007) , improving insulin sensitivity and reducing lipolysis, triglyceride synthesis and free fatty acid concentration (Rustan et al., 1993) . Oleic acid or petroselinic acid, that is a positional isomer of oleic acid, and linoleic acid (LA) are commonly found in plant products and are important precursors of omega 9 and omega 6 unsaturated fatty acids, respectively. Oleic acid plays a role in lowering of blood pressure and LDL levels in the body (Terés et al., 2008) , while LA is important in balancing the fatty acid ratio (French et al., 2000) . Dietary sources of PUFAs such as coriander have been shown to activate AMPactivated protein kinase which causes expression of proteins that promote fatty acid oxidation and their suppression synthesis in the liver (Suchankova et al., 2005) . Coriander seeds contain fatty acid desaturase enzymes which their activity promotes MUFA and probably PUFA synthesis. The fatty acid desaturase enzyme (Δ-4-palmitoyl acyl carrier protein) in coriander catalyses the conversion of saturated fatty acids to unsaturated fatty acids (Jaworski and Cahoon, 2003) .
Under the same conditions, the higher percentage of saturated fatty acids over unsaturated fatty acids would increase, because unsaturated fatty acids are obtained from saturated fatty acids (Tohidi Moghadam et al., 2011) . Water limitation decreased percentage of unsaturated fatty acids such as linoleic and linolenic acids contents, but increased petroselinic, oleic, palmitic and stearic acids contents (Table 6 ). The increment in oleic acid under water stress can be attributed to the decreasing activity of ∆-12 desaturase, which reduces the conversion of oleic to linoleic acid (Baldini et al., 2000) . Baldini et al. (2000) have established that with the increase in the biosynthesis of the oil, the enzyme ∆-9 desaturase started its activity. This enzyme has been proposed as being responsible for the accumulation of oleic acid (18:1) by desaturing stearic acid (18:0) (Mckeon and Stumpf, 1982) . Another enzyme leading to the oleic acid accumulation is ∆-12 desaturase, which catalyses the second desaturation of oleic acid into Yeganehpoor et al. 45 linoleic acid (Stymme and Appelqvist, 1980) . Lee et al. (2008) reported that irrigation did not affect unsaturated fatty acid concentration in soybean, however oleic acid tended to increase and linolenic acid tended to decrease. Dwivedi et al. (1996) also reported that under water stress, linoleic acid content decreased, but stearic acid content increased in peanuts. It has been reported that percentage of saturated fatty acids such as palmitic acid could be increased as a result of water limitation in oilseeds (Mekki et al., 1999; Laribi et al., 2009 ). Application of nitrogen fertilizers (especially 50% Urea + Nitrokara) and SA improved oil quality of coriander seeds by increasing of unsaturated fatty acids (petroselinic, oleic and linoleic acids). Nitrogen fertilizers including bio-fertilizers, increased oil quality by decreasing saturated fatty acids and increasing unsaturated fatty acids. Bio-fertilizers are microorganisms that are able to change nutritional elements from useless form to effective and useful compounds and this change is conducted in a biological process. Production expenses of bio-fertilizers are low and they do not cause pollution in the soil and environment (Rahimi-Shokooh et al., 2013) . The results are also in agreement with findings of Noreen and Ashraf (2008) in sunflower and they also observed reduction in linolenic acid and increment in linoleic acid content with foliar application of salicylic acid.
Conclusion
Results revealed that (E)-2-decenal and decanal were major components in essential oil of coriander leaves, while the main constituent of essential oil in seeds under all treatments was linalool. Water stress increased all major compounds of leaves essential oil, especially in untreated plants with SA. Application of nitrogen fertilizers, particularly 50% Urea + Nitrokara, had an additive effect on leaves essential oil constituents. Effect of salicylic acid on essential oil constituents of leaves was minimal. Increasing irrigation intervals led to a slight increment in concentration of all major components of essential oil, except -terpinene. Application of SA and nitrogen fertilizers (especially 50% Urea + Nitrokara) improved seed essential oil quality by increasing the linalool and -terpinene contents. The major fatty acid in coriander seed oil was petroselinic acid, followed by oleic, linoleic, palmitic, stearic, myristic and linolenic acids in all treatments. Water deficit increased percentage of petroselinic, oleic and palmitic acids, and reduced linoleic and linolenic acids. The application of nitrogen fertilizers, especially 50% Urea and Nitrokara, decreased stearic acid content, but increased other fatty acids. Exogenous application of salicylic acid led to increment in unsaturated fatty acids of seed oil, except for linolenic acid. Therefore, application of bio-fertilizers and salicylic acid can be recommended for improving quality of essential oil and fatty acids components of coriander seeds under different water availabilities.
